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_probes on the Explorer 17 satellite}%;have revealed the detailed diurnal and

ABSTRACT

Measurements of electron temperature and ion density by electrostatic

- '
P

latitudinal behavior of the summer .:Lonosphere near the altitude of the Fp
maximum over the eastern United States at the time of solar minimum. The
electron temperature at Lo° Norf.h magnetic latitude is observed to rise
rapidly from a nighttime value of about 1100°K to a nid-morning maximum

of 2T00°K followed by an afterngon plateau of 2000°K. The electron tempera~

ture always excée'ds; accepted values of neutral gas témperature a.nfl thus
. reflects the exiétq;pe of heat sources in both the daytime and nocturnal

| ionosphere. The ; ion density displays a maximum value about three hours

O

after local nocn.'i’? A stfong degree of latitude control, evident near the
Fp maximum, causes }he temperai:ure to increase and the density to decrease
with increasing iégitude. "The electron temperature is relatively independent

of altitude betwégn 260 and 450 kilometers in the forenoon but displays a

 slight increase with altitude at night. The diurnal variations found over

stations at 10° and 60° North magnetic latitude display general character-

istics similar to those found at L0O®° N and also reveal the inverse gradients -

of temperature and density with latitude. Calculations based on the measure- _:

ments show that the ion temperature begins to exceed the neutral tempera-

"~ ture significantly é.bove 300 kilometers and approaches the electron tempera-

ture near 600 km. The ratio of electron to ion temperature at 300 kn is

between 2 and 3 in the daytime and sbout 1.5, but highly varieble, at night.




: charged particle. temperature.s and densities to the composition and
structure \of the neutral particle atmosphere, and thus had emphasized O
the need for simulteneous measurements of ionospheric and neutral particle |
parameters. Accordingly, cylindrical electrostatic pro'be experiments,
similar to that employed in the rocket flights, were included with the
neutral particle mass spectrometer and total density gauge experiments in —
the Explorer XVII satellite, (Reber, Nicolet, 1965)(9,) (Neyton. Horowitz, o
Priester, 1965)(10). A brier qfscription of some of the satellite probe |

(11)

measurements has been given (Brace and Spencer 1964) In this paper,

we shall report thé probe results in more detail and discuss their signifi-

, cance in the context of the heat balance in the ionosphere.

2 -THE ELECTROSTATIC PROBE EXPERIMENTS

The cylindric&i probes employed for the measurements of electron

. ' temperature T, and ion density Ny Vere dimensioned to operate in an orbital-

motion-limited mode:(Mott-Smith and Langlimir, 1926)(12). Each collector

was 23 om in 1ength:and 0.056 cm in diam%ter. A guard electrode, 10 cm in

. | |
length, was employed to prevent the colle;ction of charged particles within the

o I .
‘ ion sheath surrounding the satellite. Both _the collector and guard vere made

ins paper (Spéncer. 1965)(13)-

. ) .
- of stainless steel. The location of the }sensors is discussed in an accompany-
| |
Figure 1 is a functional block diagram which applies for either the T, .

or the Nj experiment. The electronic eifgnitry asgociated with each sensor

-3~



provided suitable sawtooth sweep voltages and current measuring sensi-
tivities to optimize one experiment for the determination of Nj and the

other for the measurement of T,. The experiments operated simultaneously

"throughout each 4-minute satellite pass and provided: simultaneous point

by point measurements of both Te end N; along the satellite path. ‘
‘2.1 The_ion density measurement 1
The voltage applied bétween the N; probe and the satellite was swept ‘ |
both negative and positive‘ (=3 ¥ to +2 v) so that both the ion and electron
saturation regions of the volt-ampere characteristics were observed. Since
the satellite potentiai was normally ebout -0.5 v, the probe potentialy v
relative to ‘the plésma vas -3.5 to +1.5 v. The ion saturation region of a
cylindrical collector (when employed on a satellite) is particularly useful
for determining the local charged particle density because the flux of ions @
intercepted by the i)gobe ig determined largely by the satellite velocity ‘and o
~'.b1:he collector orientation, which are known factors. .Beca.use of the high |
satellite velocity *j;he ion current Iy is relatively insensitive to the
thermal velocity of the ions and the accelerating pof.entia.l of, the collector, |
factors which are léés well known.
Figure 2 shows a ma.cﬁine-plot of raw telem*‘.ﬁ::,' dats points representing :
two consequtive volt-ampere characteriétics from the Ny probe. At positive
: applied voltages the measured current isbotf-sca.le_nega.tive due to the pre--

dominance of electron current, and only the ion saturation regions are visible. .



' .
The sweep period (2 seconds) was made several times the spin period

4 » (_0.7 seconds) so that the effects of changes in orientation upon collection

area and wake effects could be studied through the manner in which they

modulate the ion saturation current.. Maxima in the .ion current ( Im)

occur twice per satellite spin, corresponding to those times when the probe

axis is perpendicular to the velocity vector. At this orientation the

- . 1
collector presents its maximum projected area to the plasma stream. In

. . A . '
" addition, a major minimum of ion current is observed each time the probe is

rotated into the wake region behind the satellite. A secondary minimum |
‘occurs 180° later when the sensor is shead of the satellite and presents
its minimum projected area to the stream.

The relatively g;nall effect of the applied voltage is evident in the

slight decrease of I, ., between successive maxima. This decrease corresponds .

" t0 a voltage change bf sbout 1 v. Curves such as those shown in Figure 2
V'permit one to derive empirically the functional dependence of I, upon V,

a relationship which is needed for an accurate evaluation of Ny from the

measured ion currents. Using the slope of I ., versus V derived from a repre- -

sentative selection of probe data, I,., was found to be about 20% + 3% higher

" than would be observed at V = 0, where no acceleration of the ions occurs.
- Neglecting a very small enhancement of the current due to the thermal motion

of the ions (< L%), the current at V = 0 is simpiy the charge per unit time

swept out by the frontal area of the collector. Therefore the ambient positive

ion dehs;lty 1<s glven by:



Ef_fyzv-o (1)
ldev, ‘

Ny =

.where 1 is the length and d is the diameter of the collector, e is the
unit charge and vg is the satellite velo;:ity.

Because Ij is always measured at tht;: same orientation, the relative
accuracy of the Nj measurements depends primarily upon the current detection
error, wvhich does not exceed 5% for Ny >§S X 101‘ cm"s. The absolute accuracy
of Ny is better than 10% when O* fons prt!adox_ninate (below 600 ).

2.2 The electron temgerature measurement

Between the extremes of ion and electron saturation, the probe current
characteristic exhibits an exponential slgape vhose curvature permits a direct
interpretation of the curves in terms of‘ the electron temperature (Mott-Smith ;
and Lengmuir, 1926).(12). The enalysis of individual curves is carried out by
the logplot technique in which T, is glven by the 810pe of loge Ie with re-

. spect to V, as given by (2)

dlog, I .

av =TT, (_2)

Based on the experience gsined with identical probes on ejectable

rocket-borne instruments (Spencer, Brace and Carignan, 1962)(2), the T,

expei-iment vas designed to permit high resolution of the exponential portion

of the volt-ampere characteristics, with primary emphasis on thermal electrons



secut'ive volt-ampere curves during its on-period.

in the 0 = 1 eV range. To permit ample voltage resolution through a wide
range of T,, two sawtooth sweeps were employed (0 to +0.75 v and 0 to +1.5 v).“
The telemetry sampling rate assigned to the experiment (180 samples/sec) was P
sufficient to permit a sweep rate of 10 curves per second. The necessary |
current resolution was provided by two linear current detectors of 1 ua and
> ua full scale sensitivity which time-shared the assigned telemetry channeis
on a l0-second-on, l0-second-off basis. Each detector recorded 100 con-
; -
ES

Figure 3 is a computer plot of 1 pa and 5 pya ravw telemetry data at the

beginning of two consecutive 10 second on-times recorded during ‘a nighttime

Blossom Point pass. The temperature and density at this time were moderately
low (T, =1200°K, Ny = 1 X 10°cm~3), The inflight current calibrations at the
left were obtained by substituting appropriate known resistances for the probe
sensor at the begim;ing of each 10 second series of curves. The § uai data
taken with a 1.5 v‘isweep permit a "coarse" measurement of the characteristies.
A "high resolutior;" measuremgnt is provided by the 1 ua detector with a 0.75.

volt sawtooth applied. This combination of sensitivities and voltages per-

~ mitted high resolution measurements of T, between 500° and 5000°K, when Nj

exceeded 3 ¥ 1 _h cm"3- The satellite spin period is apparent in Figure 3 in’

- the modqulation envelope of the electron current curves (not particularly

" . marked in this example). This modulation stems from both the reduction of

charged particle density in the wake region inunediately behind the sa.tellite_v

and the modulation of probe voltage by the induced B x v, voltage caused by

-T= . ' ‘ ’., : - . ,A's': :



motion of the satellite through the Earth's magnetic field, .1-3-. Measurement
error due to these easily recognized effects has been avoided by selectigg"‘ :
for analysis only those non-wgke curves which correspond to the minimum

rate of change of induced voltage.i Following this criterion for curve

- selection, the relative accuracy of the T, measurements w;thin a given

satellite pass is better than 5%. The absolute accuracy depends upon t.hel
maintenance of the linearity and amplitude of the sawtoaqth_sweep voltage

throughout the life of the satel]lite. Frequent checking of inflight cali-

brations has shown no detecteble change and the absolute accuracy is believ;g'

to be better than 5% on most passes. ‘

Figures La and 4b help to demonstrate the cdmputer methods employed
- in the T, analysis. Figure ka is a computer j:rintout arrang.ed to display a
| single volt-ampere characteristic as it appearéd on the 1 e c}u;.nnel, and
b is a log-plot of the same characteristic. Because of a limited plotting
. ix_zterval imposed by the printer, the plotting accuracy shown is only 1/10th
the accuracy of the actual data. The computer is programmed to make a best ,:

‘straight-line fit to the linear part of the log plot and then print out the

corresponding T, according to eque.tionv(2%). Plots of this type are made by

: !
- the computer for each curve of a group of 15 consecutive curves. Several

groupé are chosen from each satellite pas;s to permit hand verification of .

the computer values of T,. All temperatuire data presented in this pe.pér?‘

have been verified in this manner.

| e Y



3 RESULTS

3.1 Motion of the satellite

The inclination of a satellite orbit simulténeously determines the.
‘ precession rate of the orbit plene and the movement of perigee, so that a
"given satellite may sample the atmosphere at only unique canbinatipns of
local times and altitudes over each telemetry station. Thus, the orbital
inclination determines the seroncmic coverage which e particular satellite ‘
can provide. For example, in its 100 dey lifetime, Explorer XVII's in-
clination of 58°, combined with apogee and perigee altitudes of 927 and
258 xm, provided the coverage over Blossom Point shown in Figure 5. | Each
peir of points connected by a line represents the beginning and end of &
particular satellite pass. Although the pattern of coverage was similar
at other latitudes, perigee and apcgee occurred at other local times.
Figure 5 aids in selecting those Blossom Point passes in which diurnal
end altitude effects can be most effectively sep;a.rated. Fof example, the
southbound set of passes provides an excellent opportunity to study the
diurnal variation of T o and Ny at a fixed altitude (perigee) through the
daylight hours.

In processing t}xe data from each telémetr-y staticn ve derived a single
- value of Te and of Ny from groups of volt-ampere curves taken at one-minute
intervals through each satellite pass and plotted the beginning-of-pass and
end-of-pass values of ;.l‘e and N4 against local solar time. Although the

gross variations evident 'in the resulting local time plots for each station '

-



may reflect some’ altitude and scasonzl variations in the atmosphere, the
rapid precession of the orbit plane ensures that local time effects will
fredominate. Veriations of T, and Nj viihin a particulgr pass, however, are -
-controlled by‘latitude or altitude changés in that pass because the local -
time change within a pass is small.

3.2 Blossom Point Data

Table ] contains the values of T, and Ny measured at the beginning
and end of each Blossom Point pass, with’the corresponding positions Qf
the satellite and concurrent values of the solar index (Fjp 7) and of the
magnetic index (ab).

To permit the local time, altitude, latitude and season of each measure-
ment to be ideﬁtified, data from southbound and northbound passes have been.
plotted separately in Figures 6 and 7, respectively. The points Joined by
lines are tﬁe beginning and end-of-pess values and the figures show thé
average altitude and the month of the pass.

3.2.1 Latitude and local time effects

In order to show the effects of latitude, smoothed curves have been
dravn in figure 6 throggh the values measured at magnetic latitﬁdes of 4O°N
and 559N, the extremes of latitude observed from Blossom Poimt. The msmoothed
curves therefore represent an avereged diurnal variation of T, and Ny near Fp
maximum at the indicated magnetic latitudes. The major charecteristics of the

diurnal variation of electron temperature are a nighttime minimum, a steep rise

-10-



to a mid-morning maximum, and an afternoon plateau, followed by a decline

to a lower, more variable, value at night. This behavior is very different

(4

" from the diurnal variation of the neutral gas temperature (Tg), vhich ex~-

hibits & maximum in the afternoon rather than the morning. The values of

Te are cleatly much in excess of Tg, even at night. The diurnal variation

in Ny is characterized by a gradual morning rise, an afternoon maximum and

- & sharp decrease at sunset. -

It is particularly significent that in all southbound daytime passes
the satellite was near perigee and therefore wés changing altitude very
little. Thus the changes in T, and N; observed within each of thesé'passes
must reflect the latitude control which was first evident in the smoothed
diurnal variation curves for 40° and 55° N magnetic latitude. The average
temperature gradient is about 25°K/° latitude, at this latitude and altitude.

3.2.2 Seasonal effects

A major seasonal effect which mey bé seen in figure 6 is made evident
by the longer time T, remained low in th§ April night passes as compared to
the June-July night passes when nights wére shorter. The less rapid decay
of T at-sunset in July than at sunset ip April may also be & seasonal effect,
or it may simply reflect the greater influence of hest conduction in the
electron gasfat the higher altitu£e>of the July sunset passes.

3.2.3 Altitude effects

The night-time passes in April (figure 6), where altitude is the most

important variable, suggest that there is a slight positive gradient of T,

-11~



with altitude at night of the order_of 1°K/km between 350 and 550 km.

As notedvearlier, a comparison of northbound passes (figure 7) and
southbound passes (figure 6) permits the effect of altitude to be evaluated
for the morning hours. Such a comparison reveals no systematic gradient of
Te with altitude between 0600 and 1200 hours.

3.2.L4 Inverse relationship between T, and Ny

In nearly all daytime passes where beginning and end values of T, and

N; have been derived, T, increased and N; decreased with increasing latitude,
the changes being especially ma;iéd in the southbound passes which were at
lower altitudes. A few exceptions occurred in the early morning, higher ‘
altitude, passes when neither T, nor Ny changed significantly within in-
dividual passes.

3.3 Data from other latitudes

Graphs of the measurements of T, and N; during passes at Quito, Equador
(10°N magnetic) and at College, Alaska (60°N magnetic) have been prepared.
The smoothed diurnal variations of T, and Nj derived from all three stations
are shown in figure 8. These curves refer to the region between 260 and 400 km
'containing the Fp maximum. Although the general behavior of the F-region at
Blossom Point, Quitoc and College is similer, the times of the morning maxima .
of T, and afternoon ﬁaxima of N; and the magnitudesvof the temperatures and
densities differ considerably. Yot 211 the differences can be ascribed to
magnetic latitude alone, for the T, meximum at College may occur earlier dbe-

cause of the earlier sunrise there in summer, which is & result of the higher

=12~




geogrephic latitude. Indeed, the Blossom Point results at 40° and 55°KN
magnetic latitude suggest that magnetic latitude has little control over thei
time of occurrence of the maxima in T,. Differences in‘magnetié longitude
may &also belof importance.

The higher nocturnal eleetron temperatures of the College passes &lso
may be related to the higher geographic latitude (58°N).at which they were:
measured. The mid-summer F,-- region at 58°N is always illuminated, although
the zenith angle of the sun exceeds 90° near midnight.

4. JON TEMPERATURE AND HEAT SOURCE

If we assume that the temperature of the electron gas is in equilibrium
such that the rate at which it gains heat equals the rate at which it loses
heat, the heat source Q necessary to maintain a temperature difference can |
be calculated from the cooling rates. Only elastic processes contribute
significantly to cooling in collisions with the positive ions?and the rate
at which the electron gas loses heat to a positive ion gaé mixture of 0*,
He* and ;o at a teéperature T; is given approximately by |

Qe = 5 X 10~ T(Te~T5 )ne (n(0*) + hn(ne*) + 16n(E*)) eVem3gec™! (3)
Te3/2

(cf. Spitzer 1956)(1h), (Hanson and Johnson, 1961)(5). Equation (3).demon-
strates thet simultaneous measurements of temperature and density are re-
quired for an accurate calculation of the energ& source responsible for
the temperature difference. The strong inter-dependence of temperature

end density require that the measurements be essentially point measurements.
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4,1 The positive ion temperature

The heat goained by the positive-ilon gas causes its temperature to
rise sbove that of the neutral particle gas (Hanson 1963)(7) (Dalgarno,
1963)(8). The positive ions cool mainly by resonance charge transfer
collisions with the parent atoms and by elastic collisions with unlike -
atoms end molecules. The rates of heat loss from the positive ions to the
neutral gas at a temperature Tg may be derived from.fhe collision frequencies

(Dalgarno; 1958)(25), 1961(26) 1964 (7)) and there results

Q(o*) = n(o*) 49 x 10'1’43(0) + 6 x 10714 n(mp)

+.6 x10~135(He) + 2 x 10710 n(Hi} (Ty'- Tg) eV cm™3 sec™d,  (b)
Q(He*) = n(He) {6 x 10‘1”'11(0) + b4 x 1071k n(N,) '(5)
+2 x 10713n(He) + 1 x 1o‘lhn(n)} (Ty - Tg) eV ca3 sec™?
and . R
o(m") = n(E*) {3 x 1072%a(0) + 3 x 207 Ha(w,) . ©
+5x lo'lhn(He) + b x 10“l3n(H)} (Ty - Tg) eV cm~3 gec™t
In equilibrium,
Q. = Q(0%) + q(ue*) + q(u), | (7)

an equation which determines T; in terms of T., n, and the neutral particle

and positive-ion concentrations.

The altitudes of the Blossom Point measurements were usually such that
0% was the major ion and thus (7) can be simplified to yield,

6 ne (Te - Ti)- - : (8)

n(0) Te3/2

= 6 x 10
Ty -~ Tg =

“1h-



We have substituted the satellite measurementé of Ry = n, and of
Te into (8) together‘with the number densities of atomic oxygeh given by |
the model of Harris and Priester (1962)(18) for the local time of the
measurement. The resulting values of Ty and of To/T; for Blossom Point are
shown in figuresv9 and 10 as a function of altitude. In figure 9 the pasges
divide naturally into those occurring in mid-morning (when Te reaches its
maximum), near sunset and at night. Figure 9 reveals a pasitive-ion
temperature increasing with algétude, a difference between Ty and T8 first
emerging in the region of 300 km. The positive-ion temperature is larger
during the day than at night but even at night it appears to exceed Tg'at
high altitudes. Local time effects are distinguished in figure 10 only
between day and night but the data are probably sufficiently numerous ta
esteblish that during the day Te/Ti passes through a maximum v;lue of be-
tween 2 and 3 at an altitude near 300 km and approaches unity at high altitudes.
Similar descriptions of the average T, variations with altitude and of
Te/T; have been given by Evans (1964)(19) ana vy Evans and Loewenthal, 1964(20)
in analyses of ground-based radar observations made at the latitude of the '
Blossom Point passes.

4.2 The heat source

Having determined Ty, the rate of heat loss of the heated electrons to

the positive ion gas may be computed. The heated electrons also cool in

collisions with the neutral particle gas, the most significant processes

being excitation of atomic oxygen to the 'D level at high altitudes and



rotational and vibrational excitation of molecular nitrogen at low altitudes,
Cooling by excitation of oxygen to the 'D level is of special importancé
since it may be responsible for the variability in the'intensity of the red
aré in the dayglow (Noxon 196&)(21), (Palgarno and Walker, 1§5h)(22), The
cooling rates have been tabulated by Dalgarno and McElroy (196&)(23)‘and a
comparison of the contributions of the verious processes at an altitude of
250 km is given in: figure 11. : -

The accuracy ‘of the coolipg rates is not yet adequate—lo warrant the use
of the neutral particle densities and temperatures measured by the other
Explorer XVII experiments (Newton, etal, l96h)(lo), (Rebei, etal, 196h)(9).
To calculate the péat_necessary to produce the measured electron temperature

18
we have instead adopted the model distributions of Harris and Priester (1962)( )

appropriate to th;fiocal time of the measurement. The results for the south-
bound passes over ﬁiossom Point are sﬁown in figure 12 as a function of local
time and altitude:; Local time effects dominate during the daytime southbound
passes and 1t appears that the heax”input is roughly'symmetrical about local
noon, & variation in marked contrast to the asymmetries in Te and N;. The
heat input at 260 km has a maximum vﬁlue of & x 105 eV cm~3 sec~l. The
nighttime velues, presented in figure 13, depend more strongly on altitudg.
They show clearly a non-vanishing heat source decreasing with increasing
altitude with a value of not less than 20 eV em™3 sec™l at an altitude of
400 km. The importance of using calculated ion temperatures is shown by a
comparison of figures 13 and 1li. No cleer pattern for Q emerges from figure 1k,

which is based upon the assupption that T;y = Tg.
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“the conclusions pf the rocket flights (Boggess, Brac‘e and Spencer, 1959

satellite (Willmore, Henderson, Bowen and Boyd, 1964

The calculated values of Q for the northbound passes are shown in

figure 15. Local time and altitude effects are mixed and we have attempted -

to remove the dependence on locel time by adopting for the northbound passes

the diurnal variation suggested by the southbound passes. The corrected
values of Q, normalized to noon, are given in figure 16. They show a heat
input decreasing with altitude with an apparexgt change in the gradient in
the region of 350 km. | T
: 5  DISCUSSION

The probe neésurementé of T, from the Explorer XVII satellite confirm
)3,
(Spencer, Brace and Carignan, 1962)(2), Brace, Spencer and Carignan, 1963)(3).\ |

(Nagy, Brace, Carigna.n and Kanal, 1963)(2h) that the difference between the

'femperature of tl}é electrons in the F region of the ionosphere and the neutral

particle temperature is large during the daytime and small but non-vanishing

at night. These conclusions are in harmony with measurements on the Ariel

y(8)

and on the Discoverer
satellite (Segalyn and Smiddy, 1964)(2%), with observations of incoherent back-

scatter (Bowles, Ochs and Green, 1962)(26), (Evans, 1962)(27),(1’5_,,30 and Hynek,

(28)

1962)(28)  (Evans, 1964)(19), (Evens and Loewentnal, 1964)(2°), (Greemhow,

- Sutcliffe, “atkins)(al) and with a recent analysis of density profiles (Bauer,

and Blumle, 1964)(39),

There are significant differences between the various data. In particu-

lar, Willmore, et al 40 not find the morning maximm in’Te which is a feature -

-17-



of the Explorer XVII data and which alsé appears in the backscatter
: observations of Evans and Loewenthal, th;z satellite data of Sagalyn and

. Smiddy and the demsity profile analysis Lf Bauer and Blumle. Bowles, et al, :
observing at the Equator, find a maxi at sunrise. As jdiscussed earlier,

figure 8 shows that the time of the maxiimm depends at least partly upon

~ geographic latitude. 1

Again in h@w with the rocket fl,fight data, the Explorer XVII data
show that T, 1nqreases with latitude, a %phenomexhn also observed by Willmore,
Henderson, Bowen and Boyd (196h)(h). Thle inverse relationship between T,
and n, described'in equation (3) strongly suggests that the increase in Te
is caused by the decrease in n,, & possibility noted by Dalgarno (1963)(8).

| The temperature may not continue to increasse at ﬁigh latitudes and a pre-

- liminary analysis of passes over Grand Forks at a latitude of approximately
- 65° N magnetic indicates that T, had passed through a maxizum (and ne through
a minimum). : |

-Strong' evidence that the positive ion temperature is also higher than
the ;:eutral particle temperature at altitudes above 300 km has been advanced

by Bvans (1964)(19) end by Evans and Loewenthal (1964)(20) and the averagea

profiles of Te and of To/Ty that they pressnt are consistent with those
given in figures 9 and 10, which are based.upon equation (8). The magnitudes
of T; at 400 km are in harmony with those measured by Boyd and Raitt (196&)(31)

and it seems that over a considerable altitude extent T, > Ty > '1‘8

18-




Vo

by elastic collisions with the ambient electrons. .

_with T./T; approaching unity et high altitudes, a possibility to which

Hanson (1963)(7) and Dalgarno (1963)(8) drev attention..-
The heating effect of absorbed solar ultraviolet radiation has been

investigated by Hanson and Johnson (1961)(5) by Dalgerno, McElroy and

" Morgett (1963)(6?, by Hanson (1963)(7) ana most recently by Delgarno and

McElroy (196h)(23) wvhose calculations make use of the 1mproved photoionizat:lonv
calculations of Dalgarnmo, Henry, and Stewart (1961&)(32). .The assumption that -
the heat is deposited locally leads to the predicted euv heating showm in
figure 16, which is in agreement with the heating derived from the Explorer

XVII measurement_s nt altitudes below 300 km.' Because of the escape of fast

photoelectrons (quon. 1963)(7) the assumption of local heating is not valid

T

above 300 km.

1
*

The gradient of the heat deposition from solar extreme ultraviolet

radiation is equiveient to the neutral particle scale height, which is also

shown in figure 16 1;0 emphasize the change in gradient near 350 km. This -

;"‘aemonstrates that absorption of energy by neutral parti—

change in gradie
cles is not the controlling process at great altitudes, and it suggests that
the controlling process may be sbsorption by the ambient electroms, a typical -

gradient for which is also shown in figure 16. Such a heat flux is to be

: expected at great altitudes from the escaping photoelectrons which lose en g;"

“

Ird em 2 sec™l is the upward flux of photoelectrons and ve adopt 8

mean of 1o'ev for their emergy, the rate of heatj.ps 1d glvéen by

- Q=2 J. nexx 10713 ev cn‘_'3:sec'1' . —(9)

9=



"end 1f by collisions with He |

If the electrons cbol by collisions with the positive ions 0".

; ‘ T - T . - R . .'\ } . . ) . ' oo \
: e 4._-kx107 1, L T
3/2 ne , e
Te .

|
i

" Te =Ty w1 x 1077

L~ 3
]

(11)

A

to explain the Explorer XVII data, and it appears from the report of

* Hinteregger, Hall and Schmidtke (196h)(353) on the intensitiea of the extreme

solar ultraviolet ra.diation, and from observations on Cosmos 3 and Cosmos 5

o satellites (Mularchik and Vaisberg, 1961&)(3"), that such a flux is availa.b1e.

Similar arguments have been advanced by Willmore (196&)(35) in a dis-
cussion of the Ari‘el measurements which vere carried out a year earlier thanv
Explorer XVII measurements, but which lead to deytime heat 1nputs sma.ller by,

a factor of two or three.

The fact that the electron temperature does not fall to the neutral

particle temperature at night is of great interest, since it reveals the

. presence of an energy source in the nocturnal ionosphere. The heat input at

an altitude of 400 km is about 20 eV cm™3 sec"l, which is about five times
larger than that-derived from Ariel data. Willmore (1961&)(35) has suggested

that the energy source responsible for the Ariel observations can be identi-
1

fied with the fluxes of 2-3 kev electrons of about 8 x 10° cn2 gec™ observed

It follows that an upward flux of about 5 x 108 cm 2 sec? may be suffiéient




K

: '(19510(38) observe 5 rayleighs or less above 85 kilometers.

by Vernon, Savenkd, Shavrin, Nesterov,Pisivenko (1963)(36). This is an
enery flux of 30 ergs o2 sec“l, vhich is an order of magnitude larger
tha.n that of the solar ultraviolet radiation. If these electrons were pre-

cipitated into the atmosphere, they would give rise to 6 kilorayleighs of

’ 391’# A emission (c.f. Dalgarno, 196k )(37) whereas Obrien, Allum and Goldwire

The difficulties presented by the large energy flux postulated by

" Willmore can be avoided by arbitrarily invoking instead a flux of soft

electrons of, say, 100 eV energy. Assuming a heating efficiency of 0.1, the

Ariel data require about 2 x 10-3 ergs cm~2 sec™! and the Explorer XVII data .
| 4

‘require about 1 x 10~2 ergs cm™2 sec™, Fluxes of this order do not contra~ .

dict any of the limits that'_ha.ve been derived from spectroscopic observations

(c.f. Dalgarmo, 196‘1':-)(37) and the resulting altitude variation in the heat

" deposition would be similar to that indicated by the data in figure 16..
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FIGURE CAPTIONS

Figure .1 - Functional diagram of either ?hq électron temperature (Te)
or the positive ion density (Iﬁi) probe experiment.

Figure 2 - Rav telemetry data (points) f!r two consecutive volt-ampere * :

B characteristics of N; probe. |The ion saturation regions,

7 modulated by the changing pro?e orientation, display ma.ximm

ion current when the probe is! perpendicular to velocity vector

Wyr

(90°) and minimum current when the probe looks forward (50°

! . -
{

in this case) and aft (140°).
* AFigure‘B - Raw telemetry data ;howing a Eisoaz-ies of S pa (0 to 1.5 v applied)
o and 1 pa (0 to 0..75 v) curre;xt characteristics, each preceded by
an inﬂight current calibration. The 1 uas channel provideé the
high resolution necessary to permit accurate deterhination of the low
electrox; tempei'ature in nighttime passes such as this one.

Figuré ha~ Computer plot of single current characteristic demonstrating the
computer analysis procedure. Telemetered points (current) are
plotted versus time (voltage, O + 0.75 v) to permit visual identi-
.ﬁcation of exponential portion of‘curve (0 to 60 milliseconds).

Figure Lb- Computer plot of natural log of currents in figure La showing the

\ linear portion which is related to T,. Line drawn by hand permits
manual check of computer value of T, printed automatically 'above.

Figure 5 - Altitude and local solar time coverage over Blossom Point produced |
by the precession of the orbit plane and the movement of perigee
during the 100-day active lifetime of Explorer XVII. The points
Joined by lines represent the positions of the satellite at the

‘beginning and end of each pass.




Figure 6 - Te and Nj data from Southbound Blossom Point passes identified
with the altitude, month, and locel times. The points Joined 'by |
lines represent beginning-of-pass and end-off-pass values. The |
latitude gradient in T, and Nj, evident in the daytime, made
possible latitude identification of the data as well.
Figure 7 - T, and Nj data from Southbound Blossom Point passes.
Figure 8 = Smoothed 'diurna.l' variations in T, and Ny at three latitudes
(10°; 40°, and 60° JForth magnetic) for altitudes below Loo
kilometers. .
Figure 9 - Calculated ion temperature (Ty) for all Blossom Point passes. -
The Harris and Priester models, used with measured T, and N3
for computation, are also shown.
Figure 10- To/Tj at Blossom Point
Figure 11- ‘Electr;n cooling rates at 250 kilometers demonstrating their
sensitiﬂty to the electron temperature.
Figure 12- Locally-absorbed energy (Q) calculated for southbound passes.
Local time effects predominate in the daylight passes and altitude '
effects control the variations in the nighttime values of Q.
N Figure 13~ Q vs. altitude in the nighttime ionosphere using the calculated
values of Tj. | |
Figure 1li- Q vs. altitude in the nightt:flme ionosphere assuming Ty = Tg.
' Note the greaﬁer scatter and lack of pattern resulting from this
Vassxmption. |

| )
Figure 15 -Q calculated for northbound passes. Local time and altitude effects

are gtrongly mixed in thesé passes, particularly in the early morning.




Figure 16 - Q vs. altitude normaslized to noon. This altitude variation

of Q was obtained from northbound passes by removing the

diurnal variation suggested by southbound passes.
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